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Drought determination by SPI/SRI/SSI. SPI 1 , SRI 2 , and SSI 3 are three 30 standardized measurements for precipitation, runoff, and soil moisture deficit. For 31 simplification and spatial comparability, SPI, SRI, and SSI are widely used to 32 characterize droughts in India as well as world wide [4] [5] [6] [7] . For example, SPI 33 quantifies observed precipitation as a standardized departure from a selected 34 probability distribution function that models the raw precipitation data. The raw 35 precipitation data are typically fitted to a gamma distribution, and then 36 transformed to a normal distribution. The SPI values can be interpreted as the 37 number of standard deviations by which the observed anomaly deviates from the 38 long-term mean. In the calculation of SRI and SSI, the standardization procedure 39 has been rigorously tested by the Kolmogorov-Smirnov test, assuming normal, 40 log-normal, poisson, exponential, rayleigh, and gamma distribution for runoff and 41 soil moisture at the alpha level of 0.05. Total 62 grids were included in the test 42 and the sample size for each grid is 396. It was found that about 73% runoff raw 43 data was suitable to be represented by the gamma distribution, while none of grid 44 was suitable to be represented by normal or log-normal distribution. Therefore, 45 we adopted the gamma function to compute SRI. McKee at al. 1 suggested that 46 the gamma distribution can also be applied to other variables relevant to drought, 47 e.g., streamflow or reservoir contents. Shukla and Wood 2 also found gamma 48 distribution may perform better for low runoff values. In terms of the SSI, the 49 current practice is to adopt a normal 8 or non-parametric empirical distribution 50 approach 9 . However, no soil moisture grid was suitable to be represented by any 51 of the above functions in this study area. This result is probably likely due to the 52 extensive soil moisture management in the study area (i.e., irrigation). Due to the 53 highly correlated relationship with runoff, we also adopted the gamma distribution 54 here in calculating SSI. However, we believe additional research is needed to 55 find a more appropriate distribution to fit the soil moisture values in this 56 intensively irrigated area. 57
Index values with corresponding severities are shown in Supplementary 58 Table S9 . Categories D1-D4 were judged as drought events. These thresholds 59 were adopted from the United States Drought Monitor (USDM) described in 60 Svoboda et al. 10 . This drought category uses a percentile approach to classify the 61 severity, as shown in the Table S9 . This approach also enables the user to easily 62 interpret the probability of one drought event in terms of the number of events per 63 100 years. 
122
It is obvious that if the time lag k is equal to 0, the cross-correlation became 123 the commonly used Pearson correlation. Under the assumption that the data are independent and identically 149 distributed, the mean and variance of the S statistic in equation (6) are given by
where n is the number of observations. The existence of tied ranks (equal 153 observations) in the data results in a reduction of the variance of S to become 154
where m is the number of groups of tied ranks, each with j t tied observations. 156 Kendall 19 also showed that the distribution of S tended to normality as the 157 number of observations becomes larger. The significance of trends can be tested 158 by comparing the standardized variable Zs in equation (11) with the standard 159 normal variate at the desired significance level α, where the subtraction or 160 addition of unity in equation (11) is a continuity correction. 161 264  265  266  267  268  269  270  271  272  273  274  275  276  277  278  279  280  281  282  283  284  285  286  287  288  289  290  291  292  293 572  573  574  575  576  577  578  579  580  581  582  583  584  585  586  587  588  589  590  591  592  593  594  595  596  597  598  599  600  601  602  603  604  605  606 
